The paper aims to determine the irrigation water supply efficiency of different irrigation methods used in the challenging environment of Bal'ad district in Somalia. Data was collected from the literature, field visits using field records and scheduled interviews, GPS coordinates and from ancillary information, such as remote sensing images and existing national maps. A comparison was done by use of secondary sources, such as academic journals using information from authorities on irrigation and water loss. Sampling was done by use of Snow balling. The results highlighted response rate for farmers being 80% while that of NGO employees is 75.76%. According to the results, the main ways through which irrigation water is lost is through: evaporation; seepage through the canal bunds; overtopping the bunds; overflow losses and overwatering with the average field application efficiency of 25% and conveyance efficiency of 30%. These generated a scheme irrigation efficiency of 7.5% which is poor for surface irrigation prevalent in the study area. The loss of irrigation water was found to be reduced by the following: daily supervision; proper maintenance; water allocation to farmers; good management; lining of canals; management of irrigation methods; ongoing evaluation; good land preparation; and training farmers.
Irrigated agriculture is the prime user of abstracted water globally, exceeding 70% -80% of the total in the arid and semi-arid zones [1] . It is therefore not astonishing that irrigated agriculture is alleged in those areas as the main source of water, especially in emergency drought situations. Presently, irrigated agriculture is caught between two perceptions that are contradictory; some perceive that agriculture is highly inefficient by growing "water-guzzling crops" [2] . Water for irrigation is not commonly present in the location where it is needed but it can be conveyed by use of closed or open channels. Irrigation, however, has played a large role in the increased production of cereal and export crops; and irrigation rehabilitation is a priority in Somalia [3] . There are different methods of irrigation, but surface irrigation is the most preferred type of irrigation in most parts of Somalia, including Bal'ad district [1] . The main source of irrigation water in this region is Juba and Shabele rivers which by 1980, there were more than sixty thousand hectares being irrigated and it increased steadily until 1990 when there was political instability in the country [1] .
Irrigation can be defined as artificial transfer of water from the source to the field [1] while irrigation efficiency is characterized as the proportion between the water put away in the mud profundity possessed with dynamic plant roots to the water connected by the irrigation system [4] . The water is conveyed, but not equal amount reaching the destination because of different forms of losses along the way [1] . In developing countries, 70% -80% of water is used in agriculture [5] . Since agriculture is the major user, water loss during conveyance and distribution in irrigation networks is of great importance. Water conveyance loss consists of the following: seepage; evaporation; and operation losses into the soil from the sloping surfaces and bed of the canal. The most important of these is seepage. Evaporation loss in irrigation networks is generally not taken into consideration ( [2] [6] [7] [8]). Seepage being a major loss of conveyed water for irrigation in Bala'd can be divided into two groups. The first is waste full use of water, which is obtained at a high cost and with difficulty from various sources. The second is the problem of drainage, salinity, and alkalinity [9] . This paper tends to find the supply efficiency of the irrigation system and major contributors of water loss in the canals in Bal'ad and as well proposing some of the quantitative methods of water management. Since the conveyance system can be very broad, this paper only looks at the water loss in canals only. Conveyance efficiency has been affected by negligence and political instability and this leads to loss of unknown amount of water in canals. In order to achieve sustainable irrigation, then conveyance efficiency is to be addressed. [1] . The research on surface irrigation further says that, the application can be efficient in uniform soils of moderate to low infiltration and otherwise in heterogeneous and light textured soils [1] . It is therefore important to reduce the above losses in the conveyance canals.
Major Irrigation Water Losses in Somalia

Overwatering
Over-watering is likely the most critical reason for water loss in any irrigation system. Regardless of how well the system is outlined, if more water is connected than can be usefully used by the yield, effectiveness will endure [4] . In this way, legitimate irrigation booking is critical if high efficiencies are to be accomplished. Different types of conceivable water losses are particular to the kind of irrigation system used. Immediate dispersal from the wet soil surface, overflow losses, and leakage losses from water conveyance trench besides overwatering. Overflow losses can be practically disposed of with return stream systems that catch the spillover water and direct it back to the starting field, or to different fields. The measure of drainage loss from unlined trench will rely on upon soil qualities and the degree of the trench system yet may extend from 10% to 15% of the supplied water. Leakage losses are wiped out with lined waterways or channel dissemination systems [4] . A percentage of the water "lost" to wind float and dispersal from the sprinkler shower is not really lost, since it substitutes for crop evaporation. Net losses for this situation may be as low as 2% -3%, to as high as 15% -20% under amazing unfavorable conditions. All around kept up sprinkler systems ought to have hole and seepage losses underneath 1%, yet ineffectively oversaw systems have demonstrated losses of close to 10%.
If stream system losses ought to be low. In spite of the fact that a generally little parcel of the mud surface is wetted, the irrigation recurrence is high, so there will be some loss because of dispersal from wet soil. With great administration, losses because of holes, system waste, and flushing of channels and horizontal lines ought not to surpass 1%.
Materials and Methods
Data Requisition
This study used both secondary and primary data. The data collected was by use of the following: Literature review; GPS machines; use of questionnaires/ management reports; and scheduled interviews.
Data Acquisition
After selection of the sample canals in Bala'd district, the canal course was assessed to identify current status of the canals. Relevant measurements were taken by calculating Area, (m 2 ) of the intake, middle points of the canal and measure flow rate and outlet points of the canals and mean velocity of both points and then subtracted in order to find the loss as a ratio of water diverted to the canal divide by water delivered. Using questionnaire and management reports and design documents (literature review), the researcher computed the conveyance efficiency of the canals. Canal efficiency was calculated as presented by Equations (1) and (2) Using inflow-outflow equation where:
Water losses percentage (%) = amount of water diverted minus amount of water delivered to the field divided by amount of water diverted multiplied 100 
where: L is the length of the canal.
Research Design and Sampling Method
The research was on determining irrigation water supply losses in the major irrigation canal conveyance water loss in Bala'd district. The research was no experimental. The type of research was descriptive research by use of survey and specifically using questionnaire and interview schedule. Descriptive studies are usually based on previous understanding of a research problem [10] . Moreover, descriptive survey helps to identify and describe the variables that exist in certain situations and to explain the correlation between those variables thus helping to portray a picture of a certain phenomenon. Examples of descriptive statistics are the measures of central tendency like mode, median, range, mean variance, standard deviation, measures of dispersion and frequency [11] . The study has adopted the snowballing method. Snowballing is a non-probability sampling method used by researchers to identify potential respondents in studies where locating participants is hard. Researchers often use this approach if the sample for their study is either rare or limited to a small subset of the entire population. The sampling works in the same way as chain referral. Once the researcher has observed the first subject, he goes ahead to ask the participant to help in identifying other people having a similar trait of interest. It is like asking your initial participants to nominate other individuals with similar traits. The researcher observes the nominated subject and goes on in the same way until a significant number of participants have been obtained [11] . Figure 1 below shows a schematic representation of snow balling.
Data Analysis
The questionnaires collected was analysed and sampled by use of snow balling.
The difference in the data was compared by use of secondary data in the journals. 
Results
The two respondent groups and the target number to respondent in each group are: 20 farmers using irrigation; and 33 NGO employees. Out of these, 16 farmers and 25 NGO employees responded. Therefore, the response rate for farmers was 80% and that of NGO employees was 75.76%. 
Ways of Preventing Irrigation Water Loss in Canals and Farm Lands
The respondents gave the following solutions for preventing water losses: capacity building of the farmers and management; good land preparation; continuous maintenance of the canals; lining of the canals; daily supervision; continuous assessment and evaluation; and good management of irrigation methods.
Lining of canals is one of the ways of preventing water loss in a canal but according to Wachyan and Rushton in 1987 [12] in the study of water loss in an irrigation canals, they found out that even though the canal is lined 99% it reduces seepage by only 30% -40%. This shows that even if the canal is lined some water is still lost by seepage and further control measures should be used.
They further argued that, seepage loss from canals is governed by hydraulic conductivity of the subsoil, canal geometry, and potential difference between the canal and the aquifer underneath which in turn depends on the initial and boundary conditions. Seepage losses are also influenced by clogging of the canal surfaces depending on the suspended sediment content of the water and on the grain size distribution of the suspended sediment particles. The clogging process can decrease the seepage discharge both through bottom and slopes. Thus, the seepage loss can change within time and under certain conditions it can diminish. Therefore, the seepage loss can be higher at the beginning of the canal operation and can be lower after a few years of operation.
The evaporation loss of water in the canals as one of the main cause of water loss depends on the supply of energy to provide the latent heat of vaporization and the ability to transport the vapour away from the evaporating surface. This in turn depends on the wind velocity over the surface and the specific humidity gradient in the air above the water surface [13] . The water losses in Bada'd is affected by the type of irrigation systems used. Figure 4 shows the types of irrigation system used. The high-water loss is experienced because of the use of surface irrigation and the water lost is majorly on evaporation.
The farmers gave the following response according to their experiences: supervision to know when and where water is lost; proper maintenance; water allocation to each farmer; good management and good preparation of land; lining of the canals; and training of farmers on proper use of irrigation water. On the other hand, field measurements on the canals were taken, especially intake dimensions, middle and end tails to know the amount of water that was diverted and amount of water that reached the secondary canals at the current canal status and results are presented in Table 1 below.
Discussion and Conclusion
Discussion
The study targeted irrigation-based farmers and NGO employees in Bal'ad. The response rate for farmers was 80% while that of NGO employees was 75.76%.
According to the results, the main ways through which irrigation water is lost include evaporation, seepage through the canal bunds, overtopping the bunds, overflow losses, and overwatering. The average field application efficiency was 25 percent while the conveyance efficiency was 30 percent. This generated a scheme irrigation efficiency of 7.5 percent which is poor for surface irrigation prevalent in the study area.
In terms of preventing the loss of irrigation water, the respondents mainly suggested daily supervision, proper maintenance, water allocation to farmers, good management, lining of canals, management of irrigation methods, ongoing evaluation, good land preparation, and training farmers.
Most farmers from the study area have been using irrigation for over years and a greater percentage of them (50 percent) own over 10 acres of farming land implying that irrigation farming is done on a large scale in Bal'ad. Most farmers have their farming lands over 1000 meters away from the irrigation source.
Hence, more water is lost because of the long distance mainly through seepage and runoffs. Besides, most farmers use surface irrigation which results in more water loss through evaporation, runoffs and percolation.
Conclusion
Irrigation is not efficient owing to different ways through which water is lost both in the canals and farming lands. The main ways of water loss around the canals include seepage through the canal bunds, rat holes around the canals, and run offs. In the farming lands, water is lost through evaporation from the sur-A. A. Omar et al.
face, overwatering and percolation. Both farmers and those managing irrigation canals know the venues of water loss and are willing to take the necessary measures to prevent further losses. To improve the efficiency of irrigation, farmers ought to be more disciplined in the amount and duration of irrigation. On the other hand, the management has the responsibility of creating a maintenance schedule for canals and an irrigation schedule.
Recommendation
1) To achieve adequate data on water conveyance efficiency, a larger sample of data e.g. (30 × 30) should be used. 2) Further research should be done on the lining methods for canals to achieve more than 70% of water retention. 3) A model for assessing water conveyance should be developed or adopted to allow efficient monitoring of water throughout the system.
